Introduction
The physiology of sperm transport within the female reproductive tract of mammals has been extensively studied (Blandau, 1969; Bedford, 1972; Hafez, 1973 Hafez, , 1975 Hafez, , 1976  Ahlgren, Boström & Malmqvist, 1974; Hunter, 1977;  Moghissi, 1977a; Overstreet & Katz, 1977;  Mortimer, 1978) but reliable information for man is limited. Studies on human sperm transport are fraught with ethical and logistic problems, but knowledge of the physiology and pathology of this process is crucial to research on contraceptive and infertility problems.
In current clinical practice the only routine assessment of the interaction between spermatozoa and the female tract is the Sims-Hühner or post-coital test (see Hühner, 1924; Davajan, Nakamura & Kharma, 1970) . Unfortunately, this test suffers from a lack of standardization and its interpretation and prognostic value have been questioned (Jette & Glass, 1972; Tredway et al, 1975; Asch, 1976 Asch, , 1978  Moghissi, 1976 Moghissi, , 1977b . The interaction between cervical mucus and spermatozoa has been evaluated in vitro (e.g. Kremer, 1965 Kremer, , 1968 Ulstein, 1972; Davajan & Nakamura, 1973 ), but problems of standardization and interpretation still arise (see Matthews, Makin & Cox, 1980) . Correlations between sperm penetration of mucus and semen parameters have been shown (e.g. Santomauro, Sciarra & Varma, 1972; Ulstein, 1972;  Moghissi, 1976; Matthews et al, 1980) , but normal standards for semen analysis (Eliasson, 1971 (Eliasson, , 1975 (Eliasson, , 1977 (Eliasson, 1977) . Retrospective exclusions were made when significant pelvic pathology was found during the diagnostic laparoscopy and occasionally for technical problems with the sperm recovery (see Table 1 ). (Eliasson, 1971 (Eliasson, , 1975 (Templeton & Kerr, 1977) , the fluid lying in the cul-de-sac or pouch of Douglas was aspirated using a blunt-ended needle (2 mm diam.). The fimbriated end of each Fallopian tube was then separately rinsed with 10 ml of the same medium and the rinsings aspirated from the pouch of Douglas. An endometrial biopsy, using a Sharman curette, was the last procedure.
Processing of material
In the laboratory, the volumes of all flushings were measured and from each a known fraction (usually about 1/10) was taken for subsequent processing and scoring. During the course of the project (3 years) several improvements in the processing methods were made to facilitate the scoring of spermatozoa in the material recovered from the female tract. Each improvement was fully evaluated against its predecessor on duplicate aliquots of tract specimens or on artificially produced 'flushings'. The final method, used for the last 1^years, was as follows.
The aliquot of each flushing was treated with twice its volume of 0-01% (w/v) aqueous saponin solution (Saponin powder: Coulter Electronics, Harpenden, Herts, U.K.) to lyse contaminating red blood cells, centrifuged at 500 g for 10 min, and the pellet resuspended in 1-0 ml fresh saponin solution. After a second centrifugation under the same conditions the pellet was resuspended in 15 pi distilled water and the suspension spotted onto a clean microscope slide as 3 equal (6 or 7 pi) droplets. Slides were dried overnight in a 37°C incubator, fixed in absolute ethanol and allowed to air dry. Rings were drawn around the area of each drop on the underside of the slides using a spirit-based marker pen to facilitate location of the sample material after mounting. Glycerine jelly (Raymond A. Lamb, London, U.K.), melted at 60°C, was used to mount the preparations.
For scoring, the entire area of each drop was scanned under phase-contrast optics at magnifications ranging from 250 to 500 (dependent upon the amount of residual background material and on the microscope used). The numbers of spermatozoa present were used to calculate the total number present in the whole flushing.
Results
The success of laparoscopie sperm recovery, i.e. the finding of spermatozoa in one or more of the pouch of Douglas aspirate or fimbrial rinses, was not significantly different between the AIH and coital couples, and gave an overall success rate of 45% (Table 1) .
Uterine flushings
Failure of the uterine flushing technique (Table 2) was, in all cases, due to the inability to obtain a 'seal' on the cervix when the balloon was inflated with warm saline, resulting in expulsion of the balloon region of the catheter from the cervical canal. Flushings were obtained from over half of the patients. There was no significant difference between the two groups for successful flushing but mucoid material was more often present in the flushings from the post-coital patients (P < 0 001). Such samples were discarded because the finding of mucus was taken as indicating probable contamination with cervical material. •Significantly different (P < 0-001, 2 2 1 test).
Spermatozoa were reliably recovered from the uterine lumen of 25% of all patients investigated and 64% of those patients from whom an acceptable uterine sample had been obtained. The estimated total numbers of spermatozoa found in the uterine lumen ranged from 68 to 21 083, with 9 zero values. In the sperm-positive samples the mean total number was 4743 (±6900 s.d.).
Pouch ofDouglas andfimbrial material
The results for sperm recovery in relation to the day of ovulation are shown in Table 3 . Precise determination of the day of ovulation was not always possible (see 'Methods') but because one of the criteria for recruitment of patients was a reasonably regular menstrual cycle, the patients classed as being ± >2 days with respect to ovulation would be unlikely to be > ± 4 days. There were no significant differences ( 2 tests) in the success rates for sperm recovery Transformations attempting to normalize the distribution. A significant ( < 0-025) difference between patients exhibiting positive or negative sperm recovery was found only in respect of the percentage of progressively motile spermatozoa (Table  4) The trans-cervical route was not found to be a useful method for obtaining flushings of the uterine lumen that were reliably free from contamination with cervical material. Although it is possible that the mucoid material found in many of the uterine flushes may have been of uterine origin, it was impossible to determine its source.
That artificial insemination into the external os increases the number of spermatozoa transported through the human female tract has not hitherto been reported. Physiologically it is not unexpected, but it emphasizes that studies on sperm transport may well be influenced by the use of artificial insemination. However, there was no evidence to suggest that false-positive sperm recovery results were created by this procedure because the values were identical for both groups of patients (see Table 1 ).
The absence of correlations between the number of spermatozoa transported through the tract and the number inseminated is apparently at variance with the findings of Settlage, Motoshima & Tredway (1973 . Although this could be explained by the great intrinsic variability of sperm numbers, it could also be due to technical differences. Settlage et al (1973, 1974) investigated spermatozoa recovered from excised Fallopian tubes, where a constant population of spermatozoa may be maintained (see Overstreet & Katz, 1977 Although Ahlgren (1969) found no significant differences between semen analysis parameters and the success of sperm transport, we did find a difference for the percentage of progressively motile spermatozoa (see Table 4 ). Sperm motility is clearly the most important parameter for a prognosis of successful sperm transport (although such spermatozoa must also be intrinsically fertile). Sperm density, a parameter often used in isolation to describe a man's fertility potential, has no clear prognostic value for sperm transport success. Even when all the characteristics of the routine semen analysis were apparently normal (45 cases) there was still only a 49% chance of spermatozoa being found in the peritoneal cavity.
Although there is always the possibility of falsely negative tests, the results of Templeton & Mortimer (1980) , showing that for patients from whom spermatozoa were not recovered, 0/9 conceived during a 1-year follow-up period, would indicate that many, if not all, of such patients had genuine failure of sperm transport. Impaired sperm transport could therefore be a significant causative factor in infertility, but could be due to the spermatozoa or the female tract.
The technique of laparoscopie sperm recovery need add only about 5 min to the routine diagnostic laparoscopy procedure, and, when correctly scheduled, can provide physiologically meaningful information on the interaction between spermatozoa and the female tract.
